Abstract Galactic transient black hole candidate (BHC) MAXI J1836-194 was discovered on 2011 Aug 30, by MAXI/GSC and Swift/BAT. The source activity during this outburst was continued for ∼ 3 months before entering into the quiescent state. It again became active in March 2012 and continued for another ∼ 2 months. In this paper, 3 − 25 keV RXTE/PCA spectra of 2011 outburst and 0.5−10.0 keV Swift/XRT data during its 2012 outburst are analyzed with the two-component advective flow (TCAF) model based fits file in XSPEC. We calculate the X-ray contributions coming from jets/outflow using a newly developed method based on the deviation of the TCAF model normalization. We also studied the correlation between observed radio and estimated jet X-ray fluxes. The correlation indices (b) are found to be 1.79, and 0.61, when the 7.45 GHz VLA radio flux is correlated with the total X-ray and the jet X-ray fluxes in 3 − 25 keV range respectively. It has been found that the jet contributes in X-rays up to a maximum of 86% during its 2011 outburst. This makes the BHC MAXI J1836-194 to be strongly jet dominated during the initial rising phase.
Introduction
Jets and outflows are very common in the active galactic nuclei (AGN). It is also observed in many Galactic black hole candidates (BHCs), such as, GRS 1758-258 ), 1E 1740 .7-2942 , Cyg X-1 Arghajit Jana, Dipak Debnath, Sandip K. Chakrabarti, Debjit Chatterjee 1 Indian Centre for Space Physics, 43 Chalantika, Garia St. Rd., Kolkata, 700084, India. 2 S. N. Bose National Centre for Basic Sciences, Salt Lake, Kolkata, 700106, India. (Stirling et al. 2001) etc. In general, two types of jets are observed in Galactic BHCs: continuous or compact jet and discrete or blobby jet (see, Chakrabarti & Nandi, 2000 for more details). The exact mechanism for the production of jets is still unclear. In the literature, several models have been put forward to explain jet and outflows (Blandford & Znajek 1977; Blandford & Payne 1982; Chakrabarti & Bhaskaran 1992) . In general, the magnetic field is considered to be the reason behind the collimation of jets (Camenzind 1989) Chakrabarti (1999a,b; hereafter C99a and C99b respectively), Das & Chakrabarti (1999) have calculated the outflow rate from the inflow accretion rate using hydrodynamics of in-falling and outgoing transonic flows. They show that the thermal pressure could be sufficient to supply matter to the outflows and accelerate them from low to moderate Lorentz factors. Transonic flow solutions naturally connect the disk and jet as they belong to the same class of solutions with opposite boundary conditions in the sense that an accretion flow is subsonic at infinity and supersonic at the black hole horizon while the jet is subsonic close to the horizon and supersonic at infinity. Using the properties of the transonic flows, the two-component advective flow (TCAF) solution (Chakrabarti & Titarchuk 1995; Chakrabarti 1997 , and references therein) for the accretion flow around a black hole was proposed. In this solution, an accretion disk has two components of the inflowing matter: a low viscous, low angular momentum sub-Keplerian halo component surrounds a high viscous, high angular momentum Keplerian disk component. The sub-Keplerian flow forms an axisymmetric shock at the centrifugal barrier and the inflowing matter slows down at the shock location (X s ) making the region hot and puffed-up. This post-shock region is known as the CENBOL or CENtrifugal pressure supported BOundary Layer. It acts as the so-called 'corona' or 'Compton cloud' (Sunyaev & Titarchuk 1980 , 1985 . Low energy photons coming from the Keplerian disk are inverseComptonized at CENBOL and become hard photons. They create the power-law (PL) component of the observed spec-trum of black holes. Observed multi-color blackbody i.e., disk blackbody (DBB) component is due to thermal photons originated from the Keplerian disk (similar to a truncated Shakura & Sunyaev disk, but the temperature distribution is modified by reflected hard photons).
In the TCAF solution, the CENBOL is also the base of the jet (C99a,b). Mass outflow rate depends on the accretion rate, shock radius and the shock compression ratio (R), which is the ratio between post-and pre-shock densities. Matters are driven outward due to thermal pressure gradient force. The outflowing matter or jet moves slowly up to the sonic surface (∼ 2.5X s , C99a,b). After that, they move away supersonically. Due to the adiabatic expansion, temperature falls as the jet moves away. It emits electromagnetic radiation in all wavebands. The theoretical dependence of the ratio of outflow and inflow rates on the compression ratio suggests that the outflow rate is not maximum in the hard state. Rather, it is maximum in the intermediate states when the shock strength is intermediate (C99a,b) . In the intermediate states, matter supply from the companion is much higher than that in the hard state. As the Keplerian rate is increased, the CENBOL is cooled down and its size is reduced. When the jet-base is cooled, the flow suddenly becomes supersonic, separating it from the CENBOL to produce blobby jets (Chakrabarti, 1999b; Das & Chakrabarti 1999) . The reduction of the outflow rate on the Keplerian disk rate has been verified by numerical simulations (Garain et al. 2012 ). In the soft state, the Keplerian rate becomes very high and completely cools down the CENBOL, quenching the jet altogether.
Recently, TCAF solution has been successfully implemented as an additive table model into HEASARC's spectral analysis software XSPEC (Arnaud 1996) to fit BH spectrum (Debnath et al. , 2015a . Using the TCAF model fitted spectral analysis, accretion dynamics of several black holes have been explained satisfactorily (Mondal et al. , 2016 Debnath et al. 2015b Debnath et al. , 2017 Chatterjee et al. 2016 Chatterjee et al. , 2018 Jana et al. 2016, hereafter Paper-I; Bhattacharjee et al. 2017; Molla et al. 2017 ). To fit a BH spectrum with the TCAF model based fits file in XSPEC, one needs to supply two types of accretion rates (Keplerianṁ d , and subKeplerianṁ h ) in units of Eddington rate, shock location (X s ) in Schwarzschild radius (r s = 2GM BH /c 2 ), and shock compression ratio (R), if the mass (M BH in M ⊙ ) and normalization are known. If the mass is unknown, one can also estimate it from the spectral analysis with the current version of the TCAF model fits file (Molla et al. 2016 (Molla et al. , 2017 Chatterjee et al. 2016; Paper-I; Debnath et al. 2017) .
Unlike other models, TCAF model normalization N is constant across the spectral states for a particular BHC observed by a given instrument. Using this, Jana et al. (2017, hereafter JCD17) separated the X-ray contribution from the accretion disk or inflowing matter (F in f ) from jets or outflowing matter (F ou f ). In JCD17, estimation of the jet X-ray flux (F ou f ) and its properties during the 2005 outburst of BHC Swift J1753.5-0127 are studied. In the current paper, using the same method, we separate X-ray contribution from jets/outflow for the Galactic BHC MAXI J1836-194 during its 2011 and 2012 outbursts. The properties of X-ray jets are also studied during the outbursts as well as the intervening quiescent phase.
Galactic transient BHC MAXI J1836-194 was discovered on 29 Aug 2011 by MAXI/GSC (Negoro et al. 2011) . Swift/BAT also observed it simultaneously at R.A. = 18 h 35 m 43 s .43, Dec = −19
• 19 ′ 12 ′′ .1. During this outburst epoch, the source was active for ∼ 3 months before going to the quiescent state. It again showed a short activity on March 2012 (Krimm et al. 2012; Yang et al. 2012a ). This source was studied extensively in multi wave-bands: from radio, optical to X-rays (Ferrigno et al. 2012; Reis et al. 2012; Yang et al. 2012b; Russell et al. 2013 Russell et al. , 2014ab, 2015 Paper-I) during its 2011 outburst. It has a short orbital period of < 4.9 hrs and a low inclination angle (4 − 15
• ; Russell et al. 2014a ). This BHC is rapidly spinning with a spin parameter of a = 0.88 ± 0.03 (Ries et al. 2012) . Russell et al. (2014a) reported the mass of the black hole to be > 1.9 M ⊙ , if the source is located at 4 kpc and > 7 M ⊙ if the distance is 10 kpc. In Paper-I, using TCAF model fitted spectra, Jana et al. suggested the mass of the BH to be in between 7.5 − 11 M ⊙ or, more precisely, 9.5 +1.5 −2 . Russell et al. (2014a) also suggested that the binary companion could be a low mass (< 0.65 M ⊙ ) star.
Our paper is organized in the following way: In §2, we briefly discuss about observation and data analysis methods for estimation of the jet X-ray fluxes. In §3, we discuss results based on our analysis which includes the study of accretion flow properties of the source during its 2011 & 2012 outbursts and the intervening quiescent phase. The evolution of the X-ray jet and its correlation with the observed radio flux density are discussed. Finally, in §5, we make concluding remarks. While fitting, a model normalization is used as a multiplicative 'factor' that converts the observed spectra to match the theoretical model spectra. In general, one may require different normalization for different observations. In TCAF, however, the entire spectrum is an outcome of the solution and thus the model normalization 'N' only depends on the intrinsic source parameters, namely the mass of the BH, the distance of the source and the disk inclination angle. Thus it must remain a constant for a source observed by a particular satellite instrument. In our fit, one may still see some deviation of N, if the data is not of uniform quality, or, if the disk precesses (i.e., if the effective disk area changes) or dominance of other physical processes such as X-rays from jets or outflows, which are not included in the current version of the theoretical model fits file. For instance, if a jet is present and the base contributes to the observed X-rays, we require a higher value of N while fitting spectrum with the TCAF model fits file. This, together with a simultaneous observation of activities in radio can confirm if the base of the jet is active in X-rays. While fitting the 3 − 25 keV RXTE/PCA data of the 2011 outburst of MAXI J1836-194, we did not obtain a constant N value for all observations. The normalization N generally varied within a narrow range of 0.25 − 0.35 when radio is not very strong. However, in some observations, we require higher values of N, when the jet is also found to be stronger, i.e., observed radio flux density is high. When the jet is active, its contribution to X-rays also increases. Thus, the total X-ray flux (F X ) obtained from 3 − 25 keV RXTE/PCA data is the sum total of the contribution both from the jets as well as from the accretion disk. On 2011 Oct. 22 (MJD=55856) , N was found to be 0.25 which is the lowest value. This leads us to assume that on this date, the X-ray flux is completely from the accretion disk (see, JDC17). To estimate the X-ray contribution only from the accretion disk or inflowing matter (F in f ), we refit all the spectra with N frozen at 0.25. By taking the differences between F X (which is the flux in 3 − 25 keV of our previous model fitted spectra, when all model parameters are kept free) and F in f (which is the flux of our later fits with fixed N = 0.25) we can estimate the jet X-ray flux (F ou f ) to be given by,
We have also calculated F ou f during the 2012 outburst based on Swift/XRT analysis. From RXTE/PCA spectral analysis of the 2011 outburst, N was found to be minimum, ∼ 0.25 − 0.253 during MJD= 55850 to 55867 during the declining phase of the hard state. This means that the Xray jet must be lowest or inactive in these days (JCD17). 0.5 − 10.0 keV Swift/XRT spectrum of 2011 Oct. 25 (MJD=55859) is now fitted with the TCAF model fits file to have an estimation of the model normalization at low or no X-ray jet condition for XRT spectrum in the specified energy band. For the best model fit, we find N = 34.28 (see Table 1 ). We also checked other few XRT observations around 2011 Oct. 22 (MJD=55856, with the minimum value of N = 0.25 in 3 − 25 keV PCA data), and found similar N values for the XRT. Thus we used this Swift/XRT spectrum fitted N value (as no X-ray jet 'N' for XRT in 0.5 − 10.0 keV for MAXI J1836-194) to calculate the jet X-ray flux for the 2012 outburst of the source. We freeze mass at 9.54 M ⊙ while fitting the XRT data. Note that F X , and F in f fluxes for 3 − 25 keV RXTE/PCA spectra are obtained using 'flux 3.0 25.0' command, after obtaining the best model fits in XSPEC.
Results
We study the source during its initial ∼ 10 months (from 2011 August 31 to 2012 May 13; i.e., MJD=55804 to 56060) period after the discovery on 2011 August 30 MAXI J1836-194 showed two outbursts in 2011 and 2012 with duration of ∼ 3 & 2 months respectively separated by ∼ 4 months of quiescent period, during the period of our analysis. We compare variations of X-ray and radio intensities of the source, along with its spectral and jet properties.
X-ray and Radio Lightcurves
We plot 15 − 50 keV Swift/BAT and 2 − 10 keV MAXI/GSC lightcurves in Fig. 1(a-b) . Hardness ratio (HR) of Swift/BAT and MAXI/GSC count rates are shown in Fig. 1(c) . HR is defined as the ratio between 15 − 50 keV BAT and 2 − 10 keV GSC count rates. In Fig. 1(d) , radio flux densities in 5 and 7.45 GHz of VLA, and 5.5 GHz of ATCA data are shown. Radio data are taken from Russell et al. (2014b Russell et al. ( , 2015 papers.
The X-ray lightcurves are plotted for ∼ 10 months between 2011 Aug 26 and 2012 Jun 7. In the rising phase of the 2011 outburst, both MAXI/GSC and Swift/BAT fluxes increased rapidly starting from 2011 Aug 29 (MJD = 55802), just one day before its discovery. They attained a maximum peak flux of around Sept 6, 2011 (MJD=55810). After that, the flux decreased slowly, although Swift/BAT showed another small peak around Sept 9, 2011 (MJD=55813). Both 2011 & 2012 outbursts could be termed as 'Fast-Rise-Slow-Decay' (FRSD) type as variation shown in the outburst profiles (Debnath et al. 2010) . From the spectral evolution, it could be termed as 'type-II' or 'harder type' of BH binaries, since it does not show softer spectral states during its outbursts . The BHC MAXI J1836-194 was active for ∼ 3 months till MJD ∼ 55890 during its 2011 outburst. Then it entered in the quiescent state, which continued for ∼ 4 months. The X-ray flux again started to rise around 2012 March 12 (MJD=55998; Krimm et al. 2012 , Yang et al. 2012 . 15 − 50 keV Swift/BAT flux increased significantly during this epoch of the 2012 outburst, although 2 − 10 keV MAXI/GSC flux did not show any significant change. The 2012 outburst is much weaker as compare to the 2011 outburst and it continued for ∼ 2 months. On 2012 March 24 (MJD=56010), maximum flux in Swift/BAT was observed. During this outburst, BAT flux rapidly increased for initial ∼ 20 days before it decreased. After that, it moved to the quiescent phase, where the flux remained almost constant at very low values.
HR roughly indicates whether a BHC is in the soft state or in the hard state. During the 2011 outburst, HR was minimum on MJD ∼ 55820. The BHC was in the hardintermediate state during that time (Paper-I). Paper-I also showed that the ARRID (accretion rate ratio intensity diagram) is a better alternative to the 'q'-diagram or HID (hardness intensity diagram) as in Ferrigno et al. (2012) for describing transitions between spectral states. For a quick look, HR is more useful since to obtain ARRID, one needs to fit spectra with the TCAF model. From Fig. 1c , we observe that at the very beginning of the 2011 outburst, HR increased rapidly, before it started to decrease slowly until MJD=55820. After that, HR increased slowly and became roughly constant at ∼ 2. This trend of higher (hard state) HR value continued more or less in the quiescent state as well as in the 2012 outburst. In the quiescent state, HR fluctuated between 2 and 6. It indicates that during the quiescent state, the source was in the hard state with a very low mass accretion rate. During the 2012 outburst, the same HR was observed. However, to check if during the entire 2012 outburst period, the object remained in a hard state, we need to carry out the spectral analysis.
Accretion Flow Properties of MAXI J1836-194
We study accretion flow properties of MAXI J1836-194 during its 2011 & 2012 outbursts and the intervening quiescent phase. The detailed spectral and timing analysis using RXTE/PCA data to infer accretion flow dynamics of the source during its 2011 outburst has already been reported in Paper-I. Here, we extend our analysis period to cover quiescence as well as the 2012 outburst, wherever the data is available. We mainly concentrate on the properties of the jet in X-rays.
2011 Outburst
As stated earlier, the detailed study of the spectral and timing analysis to infer the accretion flow dynamics of the source during this outburst has already been reported in Paper-I using 2.5 − 25 keV RXTE/PCA data. Based on the variation of accretion rate ratio (ARR=ṁ h /ṁ d ), nature of QPOs, they classified the entire outburst into two spectral states: hard (HS) and hard-intermediate (HIMS). These observed states form a hysteresis loop as: HS (Ris.) → HIMS (Ris.) → HIMS (Dec.) → HS (Dec.). No signature of the softer spectral states, i.e., SIMS and SS were observed. Since the source is one of the shorter orbital period BHCs, there could be high amount of low angular momentum halo component from the companion winds, hardening the flow. From the spectral analysis, Jana et al. (2016) estimated the probable mass of BH to be in the range of 7.5 − 11.0 M ⊙ . Taking the average, the probable mass of the BH is about 9.54
They also estimated the viscous time scale as ∼ 10 days, obtained from the differences in occurrences of the peaks of two types of accretion rates (ṁ d &ṁ h ).
While fitting the spectra with the TCAF model fits file, Jana et al. (2016) did not find the model normalization (N) to be roughly constant throughout the outburst. Generally it varied within 0.25 − 0.35. However, in some observations, very high N values were required to fit the spectra, particularly when the radio flux densities were high. This indicates that these higher values of N may be due to the excess contribution of the X-rays from the jets (JCD17). We use the same method as in JCD17 to obtain the X-ray flux of the jet in the present object.
Quiescent State
In general, a BHC is considered to be in quiescent state when the X-ray luminosity L X <10 34 ergs/s. It is believed that the quiescent state is the extended phase of hard/lowhard state with very low accretion rate and low luminosity. MAXI J1836-194 was in the quiescent state for ∼ 4 months between its 2011 and 2012 outbursts. X-ray luminosity in 2 − 10 keV band (calculated from MAXI/GSC observed flux) were observed as low as L X ∼ 10 33 ergs/s during the phase. HR was observed to have higher (in between ∼ 2−6). The radio jet was observed during this phase though the luminosity was much lower as compared to the 2011 outburst. Nature of the X-ray flux, observation of radio flux and higher HR indicate that MAXI J1836-194 was in hard/lowhard state during this phase with very low accretion rate.
2012 Outburst
The 2012 outburst is much weaker as compared to the 2011 outburst. Luminosity was about one hundred times lower than that of the 2011 outburst. This new flaring activity of MAXI J1836-194 was detected by Swift/BAT on 2012 March 10 ( Krimm et al. 2012 ). The source was active for about ∼ 60 days. Grebenev et al. (2013) reported that the 0.3 − 400 keV Swift+INTEGRAL spectra are power-law dominated with very little contributions from the disk blackbody component. We have analyzed Swift/XRT spectra in the energy range of 0.5 − 10.0 keV with the TCAF model. Though due to the lack of data points and low signal-tonoise ratio, we are unable to achieve acceptable χ 2 -statistics in many observations with TCAF model or with the phenomenological disk blackbody plus powerlaw models. We only found better χ 2 statistics in two observations on 2012 March 20 (MJD=56006) and 2012 March 27 (MJD=56013). Model fitted parameters of these two XRT observations are given in Table 1 .
The TCAF model fitted extracted values, and high values of ARR suggest that the disk is highly dominated by the sub-Keplerian halo component. The sub-Keplerian halo rate (ṁ h ) is found to be much higher as compared to the Keplerian disk rate (ṁ d ). So ARRs are also found to be high (∼ 13 − 14). The 2012 outburst was dominated by the low viscous sub-Keplerian matter similar to the 2011 outburst of MAXI J1836-194. So, we can assume that the viscosity was lower than the critical value during the entire period of the outburst (Chakrabarti, 1997 and references therein). Due to this, a low supply in Keplerian disk component is observed, which was unable to cool the CENBOL sufficiently. In our analysis of the two XRT observations, fits are obtained with strong shocks of compression ratio R ∼ 3.5. Higher values (74.92 & 93.82 ) of the TCAF model normalization indicate that may be the X-ray contribution of the jet was strong as well. Radio observation also supports this. During the fitting, we keep mass of the BH frozen at 9.54 M ⊙ .
Disk-Jet Connections

Evolution of Jets
We calculated X-ray contributions from the jet during the 2011 and the 2012 outbursts using procedure of JCD17. The variation of total X-ray flux (F X ), accretion disk X-ray flux (F in f ), and jet X-ray flux (F ou f ) are shown in Fig. 2 (a-c) . The variation of the TCAF fitted normalization (N) is shown in Fig. 2d . 7.45 GHz VLA radio data are plotted in Fig. 2e . The jet X-ray flux (F ou f ) is found to increase slowly as the outburst progressed during the 2011 outburst. It attained the maximum value on ∼ 2011 Sept. 06 (MJD=55810). VLA first observed the source in 7.45 GHz radio band on 2011 Sept. 03 (MJD=55807), with a flux density of 27 mJy. It was roughly constant for the next ∼ 20 days. The source was in the HIMS during this phase of the outburst. F ou f attained its peak value on 2011 Sept. 09 (MJD=55813). Then it showed roughly constant nature. F ou f started to decrease after 2011 Sept. 23 (MJD=55827). Radio flux density also showed a similar behavior. The BHC entered into the HS (Dec.) on 2011 Oct. 01 (MJD=55835), which continued till the end of the outburst. During this phase of the outburst, both F ou f , and F R were found to be very low.
TCAF normalization (N) also showed a similar behavior as F R and F ou f . It increased slowly in the rising phase of the 2011 outburst. On MJD=55813.56 and 55818.84, much higher N values of 1.99, and 2.07 respectively were required to fit the spectra with the TCAF fits file. After that, N decreased slowly till MJD ∼ 55830 after which N varied within a narrow range of ∼ 0.25 − 0.35.
Four spectra from different spectral states are shown in Fig. 3(a-d) . The spectra are fitted with free (black solid curve) or frozen (at 0.25; red dashed curve) normalization values. The jet spectra are obtained by taking differences between them and shown with blue dotted-dashed curve. We can see that the jet spectra are stronger in the HIMS and also they are harder than the disk spectra.
We have also calculated 0.5−10 keV X-ray jet flux during the 2012 outburst using Swift/XRT data. Jet X-ray fluxes are found to be 1.195 × 10 −10
, and 1.493 × 10 −10 ergs/cm 2 /s on MJD=56006 and 56013 respectively. The jet X-ray fluxes were lower compared to the 2011 outburst.
MAXI J1836-194 showed a strong jet activity during its 2011 outburst as compared to Swift J1753.5-0127 during its 2005 outburst. When the jet was the strongest in the HIMS of the 2011 outburst, its contribution in X-ray is found to be up to ∼ 86%. On an average, the jet X-ray contributed ∼ 41% throughout the 2011 outburst. In the 2012 outburst, its contribution is found to be ∼ 54% and ∼ 63% in the two observations we studied, although total X-ray fluxes are much lower than that of the 2011 outburst.
Radio and X-ray Flux Correlations
Standard jet models predict a correlation between the radio and the X-ray luminosity (Falcke & Biermann 1995; Heinz & Sunyaev 2003; Markoff et al. 2003; Russell et al. 2013) . It was first observed for BHC GX 339-4 (Hannikainen et al. 1998) . Several BHCs show a standard correlation F R ∼ F b X in the hard state, with a correlation index of b ∼ 0.5 − 0.7 (Corbel et al. , 2013 Gallo et al. 2003; 2004; . The correlation has been extended to the quiescent state (Gallo et al. 2014 , Plotkin et al. 2013 . The correlation is extended to AGNs in so-called 'fundamental plane of black hole activity' by including the mass and the accretion rate (Merloni et al. 2003; Heinz 2004; Kording et al. 2006) . However, some BHCs show more steeper index ∼ 1.4 (Coriat et al. 2011 ). Other BHCs show dual correlation tracks. H 1743-322, XTE J1752-223, MAXI J1659-152 are some sources, where steeper correlation indices are observed when L X >10 36 ergs/s. However, they are found to move towards the standard correlation track in the low luminosity state (Jonker et al. 2010 Coriat et al. 2011; Ratti et al. 2012 ). However, Swift J1753.5-0127 has shown a different correlation index (b ∼ 1) (Soleri et al. 2010 , Rushtan et al. 2016 .
Interestingly, these correlations of F R have been obtained with the total X-ray flux (F X ) in 3 − 9 keV band, which contains X-rays fluxes both from the disk and the jet. It may be the reason for different correlation indices in different spectral states of the same source. Since we have been able to separate the X-ray contributions of the jet (F ou f ) and the accretion disk (F in f ) from total X-rays, the correlation between F R with F ou f , and F in f could be plotted. In Fig. 4a , a correlation plot between the F R vs. F ou f (in 3−25 keV) is plotted, where the correlation index is found to be b = 0.61 ± 0.08, which is within the limit of standard correlation. Here, we have used 7.45 GHz VLA flux as F R . For Swift J1753.5-0127, a similar correlation index (b = 0.59 ± 0.11) between F R vs. F ou f was also found (see, JCD17 for more details). This indicates that the mechanism for jet production could be same at least for these two BHCs.
We have also drawn a plot of F R vs F X for MAXI J1836-194 during its 2011 outburst in Fig. 4(c-d) and it is fitted with F R ∼ F b X to find the correlation index. For 3 − 25 keV PCU2 flux (F X ), we find b ∼ 1.79 ± 0.11. Similarly, when we use 3−9 keV PCU2 flux (F X ), b ∼ 1.82±0.12. Russell et al. (2015) have also found a similar steeper correlation index (b ∼ 1.8 ± 0.2). Interestingly, we do not find any correlation between F R and F in f (see, Fig. 4b ).
In Fig. 5 , we draw the correlation plot in the luminosity i.e., L R − L X plane. Other than the 2011 outburst of MAXI J1836-194, data from the 2012 outburst and the quiescent state between two outbursts are also included. We only show the variation of the total X-rays (L X in 2−10 keV) with L R for the 2012 outburst and quiescent state. For the 2011 outburst of MAXI J1836-194 and the 2005 outburst of Swift J1753.5-0127, we use TCAF model fitted spectral result of RXTE/PCA from Paper I and JCD17 respectively. For the quiescent state as well as for the 2012 outburst of MAXI J1836-194, we use 2 − 10 keV MAXI/GSC data for calculating L X values, where radio data are available. It is to be noted that two data points from the quiescent state and one data point from the 2012 outburst are not actual detection but they are the upper limits of the radio flux (Russell et al. 2014b (Russell et al. , 2015 . We also calculate the jet X-ray luminosity (L ou f ) for MAXI J1836-194 (during its 2011 outburst) as well as for Swift J1753.5-0127 (during its 2005 outburst) using TCAF model fitted PCA spectra. We find that the quiescent and the 2012 outburst data (L X ) points lie on the correlation track of jet (L R − L ou f ) instead of their total X-ray track (L R − L X ). This indicates that there was very little contribution in the X-rays from the accretion disk or inflowing matter. Only jet contributes in the X-rays during the 2012 outburst as well as in the quiescent state. However, three upper limit points indicate that actual radio fluxes could be at lower level and may fall close to the L R − L X line.
In the case of compact jets, we expect a tight correlation between F R and F ou f . For discrete ejections, a tight correlation may not be found. For BHC Swift J1753.5-0127, a tight correlation is not obtained specially in the HIMS when flux was much higher. In the HIMS, the nature of the jet is not entirely compact and perhaps partially blobby (see, JCD17 and references therein). For MAXI J1836-194, a tight correlation is obtained for F R and F ou f during both HS, and HIMS. This indicates that the nature of the jet is compact for this BHC, though the possibility of fast and slow components cannot be ruled out. Russell et al. (2015) also reported the compact nature of the jet for this BHC.
Discussions and Concluding Remarks
Using the fact that the TCAF model normalization is a constant for a given source and observing instrument, fits of good quality data is expected to have constant normalization. Any significant deviation indicates the presence of other physical processes such as jet, disk precession etc. which are not included in TCAF based fits file used here. Since the base of the jet/outflow also contributes to the Xray along with the accretion disk, in a jet dominated phase, a higher value of normalization is expected. This allows us to segregate the contributions from the inflow and the outflow components. During the 2011 outburst of MAXI J1836-194, N is generally varied in between 0.25 − 0.35, except for the days with jet domination, when much higher N values are required to fit the spectra satisfactorily. As in JCD17, here we also assume that only accretion disk or inflowing matter contributes in the X-rays when the minimum value of N = 0.25 was required (as on 2011 Oct. 22, MJD=55856) while fitting 3 − 25 keV RXTE/PCA data of MAXI J1836 during its 2011 outburst. Though the radio jet was appeared to be weakly active on this day, we assumed that jets contribution to the X-ray was negligible. To estimate the X-ray flux contributions coming only for the accretion disk or inflowing matter (F in f ), we refit all the spectra with frozen value of N at 0.25. Using Eq. 1, we calculate the jet contributions in X-rays (F ou f ). Chakrabarti (1999a,b) and Das & Chakrabarti (1999) predicted that the ratio of the outflow rate to inflow rate is maximum in the HIMS when the shock strength is intermediate. In the present case also we observed maximum jet Xray flux (F ou f ) in the HIMS for MAXI J1836-194, which is similar to 2005 outburst of Swift J1753.5-0127 (JCD17). MAXI J1836-194 showed very strong jets in the X-rays. On 2011 September 15 (MJD=55819), almost ∼ 86% X-ray flux came from the base of the jet. We find the X-ray jet luminosity ∼ 5 × 10 36 ergs/s on this date. After that, as the outburst progressed, both the total flux (F X ) and the jet flux (F ou f ) are decreased.
Jet kinetic power is converted to radiations in different wavebands (radio, IR, optical to X-ray). Russell et al. (2014b) showed that there is a significant contribution in the jet from IR and optical wavebands which is presumably due to synchrotron emission. However, since there is no real boundary between the CENBOL and the base of the jet, in F ou f , dominating contribution is due to inverse Comptonization and not due to synchrotron process. Russell et al. (2014b) estimated jet luminosity (L jet ) by integrating the jet spectra over 5 × 10 9 − 7 × 10 14 Hz for six observations during the 2011 outburst. They found L jet was minimum in the HIMS though X-ray flux (F ou f ) was higher. This indicates that the jet was active in the X-ray but not in the IR and optical. In the decay phase, the X-ray jet (F ou f ) was found to decrease. This is expected since the accretion rate also decreased which in turns reduced the mass outflow rate and jet X-ray flux (F ou f ). This agrees with the theoretical point of view (C99a,b; Das & Chakrabarti 1999 ). However, Russell et al. (2014b) found L jet increased in the decay phase. Radio flux was lower in this phase. Thus most of the jet power was emitted in the IR and optical wavebands with very little contribution in radio and X-ray (see Fig. 2 of this paper and Fig. 2 of Russell et al. 2014b ). In the decay phase, magnetic field at the base of the jet increased (Russell et al. 2014b ). Due to high magnetic field, significant amount of jet power was emitted in the IR and optical wavebands via synchrotron process. Since the jet is compact and dense, radio flux was very low due to high magnetic field. Thus, L jet increased due to high IR and optical radiation while radio and jet X-ray fluxes were lower.
After ∼ 3 months of activity during the 2011 outburst, MAXI J1836-194 entered in the quiescent state, which continued for the next ∼ 4 months. We calculated hardness ratio (HR) from 2 − 10 keV MAXI/GSC and 15 − 50 keV Swift/BAT lightcurves. HR is found to vary in between 2 − 6, indicating the source was in the harder states. 3 ATCA observations were available at 5.5 GHz during the quiescent phase. However, radio flux densities were very low (∼ 0.1 mJy). On the contrary, during the 2011 outburst, in the HIMS, 5.5 GHz ATCA flux density was ∼ 40 mJy. X-ray luminosity (L X ) was also very low (∼ 10 33 ) during this phase. Radio jet is generally observed in the hard and intermediate spectral states. Observation of the radio jets and HR indicate that the source was in the low luminous HS during this phase of the outburst. However, there are some reports that the quiescent state spectra is softer than that of the hard state for several other BHCs, such as XTE J1118+480 (Γ ∼ 2.02), XTE J1550-564 (Γ ∼ 2.25), GX 339-4 (Γ ∼ 1.99), V 404 Cyg (Γ ∼ 2.08) Plotkin et al. 2013; .
MAXI J1836-194 also showed new flaring activity on 2012 March 12 (MJD=55998), which continued for ∼ 2 months. We analyzed 0.5 − 10.0 keV Swift/XRT spectra with TCAF model and extracted accretion flow parameters for the two observations from MJD=56006.85 & 56013.05. Our model parameters indicate the high dominance of the sub-Keplerian halo accretion rates and high shock strengths during these observations (see , Table 1 ). This allowed us to infer that during our observed days of the 2012 outburst, the source was also in the HS. We also calculated jet contribution in the X-rays and found that the contributions were up to ∼ 54% and ∼ 63% of total X-ray in these two observations.
We expect F ou f and F R to be well correlated since they are both originated from the jet. At the base of the jet, X-ray is emitted since it is the hottest region right above the CEN-BOL. As the jet moves away, it is cooled due to expansion. Hence, it emits in the other low energy wavebands, such as UV, IR and radio. The correlation between the disk and the jet X-rays should directly lead to correlations with other radiations from the jet. We have drawn a correlation plot between the jet X-ray flux in 3 − 25 keV of RXTE/PCA and radio in 7.45 GHz VLA in Fig. 4(a) . We obtained the correlation in the form of F R ∼ F 0.61±0.08 ou f . For Swift J1753.5-0127, a similar correlation of F R ∼ F 0.59±0.11 ou f is found. Thus F R ∼ F 0.6 ou f could be a universal correlation, but to firmly establish it, we need more observations. Interestingly, Corbel et al. (2003 Corbel et al. ( , 2013 , Gallo et al. (2003) have found the standard correlation index to be ∼ 0.6 − 0.7 if the correlation is done between F R and F X . However, a steeper index (∼ 1 − 1.4) has been found for many 'radio-quiet' BHCs , Ratti et al. 2012 ). An unusual steep index is found for MAXI J1836-194 during its 2011 outburst when F R was correlated with F X . When we use 7.45 GHz VLA data as F R with 3 − 25 keV RXTE/PCA flux as F X , a steeper correlation is observed with index b ∼ 1.79 ± 0.11. Similarly, when we use 3 − 9 keV RXTE/PCA flux as F X , the index is found at ∼ 1.82 ± 0.12. A similar correlation was also reported by Russell et al. (2015) . They suggested that it could be due to variable Lorentz factor throughout the outburst. Another possible reason behind these steeper correlation indices may be due to the high supply rate of low viscous sub-Keplerian matter in the form of wind or accretion, since its a low orbital period (≤ 4.9 hours) binary system. So, the system must be very compact and the companion winds may surround the accretion disk. Scatterings of photons emitted from the jets with this cloud of wind matter could steepen the correlation indices.
In the quiescent state, and the subsequent 2012 outburst, the L X − L R correlation points lie in the L ou f − L R correlation track, i.e., jet-line of MAXI J1836-194 at lower L X values. If the jet production mechanism remains the same across different outbursts, we may conclude that there was very little X-ray emission from the accretion disk in the quiescence and the 2012 outburst. All or most of the X-rays come from the jet or outflow. If this is true, then L X ∼ L ou f . Thus it is possible that some alternate mechanism may exist for producing jets and outflows in the quiescent and low luminosity phases of these types of black hole binary systems.
During the 2011 outburst, the jet contribution is as high as ∼ 86% of the total X-ray with an average contribution of ∼ 41%. This makes MAXI J1836-194 as a jet dominated black hole candidate. Even after the 2012 outburst, ATCA observed radio flux densities of 0.07 mJy at 5.5 GHz and 0.09 mJy at 9 GHz on MJD=56163. This also indicates the activity of jet on that day. Thus even when the X-ray luminosity is less than ∼ 10 32 ergs/s, the jet is active. Chakrabarti & Bhaskaran (1992) showed that it is easier to produce jet from the sub-Keplerian halo. In the quiescent state, Keplerian disk may not be formed due to the lack of viscosity. However, a constant supply of wind from the companion star form radiatively inefficient sub-Keplerian flow which launch the jets. This implies that in the quiescent state as well as during the 2012 outburst, the X-ray contribution from the accretion disk is very negligible.
L R − L ou f correlation is expected to hold tight as long as the jet remains compact. In case of blobby jet or discrete ejection, we do not expect a tight correlation. For BHC Swift J1753.5-0127, we observe scatter points in the L R − L ou f track (see, Fig. 5 ) specially in the HIMS. Thus nature of the jet for Swift J1753.5-0127 is blobby in the HIMS. However in HS, when the fluxes are low, a tighter correlation is obtained. It indicates that the jet remains compact as in the HS of Swift J1753.5-0127 during its 2005 outburst (JCD17). From Fig. 5 , for MAXI J1836-194, we obtain a tight correlation in both HS and HIMS. It leads us to conclude that the jet could be compact throughout the outburst, though the possibility of a fast and slow components cannot be ruled out. Russell et al. (2015) also reported compact nature of the jet for this BHC.
In future, we would like to find disk-jet coupling for other black hole candidates. So far, we found F R ∼ F 0.6 ou f for MAXI J1836-194 and Swift J1753.5-0127. We would like to see if this relation holds in some other cases as well. Fig. 2 Variation of (a) total X-ray flux (F X ), (b) the X-ray flux from accretion disk (F in f ), (c) the jet X-ray flux (F ou f ), (d) TCAF normalization (N), and (e) 7.45 GHz Radio flux density (F R ) of VLA observation are shown with day (MJD) during the 2011 outburst. The radio data are taken from Russell et al. (2014b Russell et al. ( , 2015 . X-ray flux are in the RXTE/PCA energy range of 3 − 25 keV and in the unit of 10 −9 ergs/cm 2 /s. ±0.14 755.7/940 First observation is from the 2011 outburst. Last two observations are from the 2012 outburst. Data analysis are done using 0.5 − 10.0 keV Swift/XRT data with TCAF solution. Accretion rates (ṁ d &ṁ h ) are represented in Eddington accretion rate (Ṁ Edd ). shock location (X s ) is presented in Schwarzschild radius (r s ). R is the compression ratio (ratio of post-shock density to pre-shock density). Mass is kept frozen at 9.54 M ⊙ . N is TCAF normalization. Gaussian 'line E' represent peak energy of Fe − k α line. 
